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This invention relates to compounds and pharma- 
ceutical compositions useful in the treatment of 
senility or for reversing the effects of electro- 
5 convulsive shock-induced amnesia, a method of preparing 
the compounds, and of treating senility or of reversing 
amnesia. More particularly, this invention is concerned 
with certain derivatives of dihydro-lH-pyrroloIl,2-c]- 
imidazolo-3 r 5 I2H, 6Hj -dione having pharmacological 

10 activity for treating senility or for reversing the 
effects of electroconvulsive shock-induced amnesia, 
pharmaceutical compositions including these compounds, 
a method of preparing the compounds, and of treating 
senility or of reversing the effects of induced 

15 amnesia. 

The compound, 5-oxo-2-pyrrolidineacetic acid, 
also known in the optically active form as ecgoninic 
acid, is disclosed in the literature (G. L. Evans, et, 
al.^ J to Chem Soc , 72 ; 2727-2728 (1950), and 

20 E. Hardegger, et. al., Helv Chim Acta , 19 ; 312-319 
(1955)). This compound is employed as a starting 
material for the preparation of compounds in 
accordance with the present invention. 

25 In its broadest aspect, the present invention 

provides cognition activating compounds of formula I; 

o o 
I 

wherein R is selected from hydrogen; alkyl of from one 
to four carbon atoms; alkenyl of from one to four 
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carbon atoms; pbenylmethyl ; or -CH2COR1 where Rj is 
selected from OH, alkoxy of from one to four carbon 



10 



20 



25 



atoms, phenylmethoxyi, -^W-^^ ' 





or NR2R3 where R2 and R3 are independently hydro- 
gen, or alkyl of from one to four carbon atoms; and the 
pharmaceutically acceptable salts thereof , when basic. 

In one subgeneric aspect, compounds of the present 
invention possess structural formula I where R is alkyl 
of from one to four carbon atoms, alkenyl of from one 
to four carbon atoms, or pbenylmethyl. 

In another subgen"eFf<r'au^ 
present invention possess structural formula I where R 
is -CH2COR1 where R^ is alkoxy of from one to four 
15 carbon atoms, phenylmethoxyi, or -OH and the 
pharmaceutically acceptable salts thereof. 

In a further subgeneric aspect, compounds of the 
present invention possess structural formula I ffhere R 
is -CH2COR1 where Ri is -NR2R3 where R2 and R3 are 
independently hydrogen or alkyl of from one to four 
carbon atoms . 

In another subgeneric aspect, compounds of the 
present invention possess structural formula I where R 

is -CH2COR1 where Rj is selected from 

^3^,^ H3C, 



NH 




-NH-<1 )N , and 



H3C H H3C 

-MiCH-CH-Nv 

^ ^ ^C(CH,). 



H 3 2 
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In another aspect of the present invention, there 
are provided pharmaceutical compositions for the treat- 
ment of senility or for reversing the effects of 
electroconvulsive shock*induced amnesia comprising a 
5 pharmaceut ically effective amount of a compound having 
structural formula I as defined above, in combination 
with a pharmaceutically acceptable carrier. 

In yet another aspect of the present invention, 
there is provided a method of treating senility or of 
reversing the effects of electroconvulsive shock- 
induced amnesia in a mammal comprising administering to 
a mammal in need of such treatment a pharmaceutical 
composition including an amnesia-reversing effective 
amount of a compound having structural formula I as 
15 defined above, in. combination with a pharmaceutically 
acceptable carrier. 

As used throughout this specification and the 
appended claims, the term "alkyl" is meant to encompass 
20 groups derived by removal of one hydrogen atom from 
branched or unbranched saturated hydrocarbons of from 
one to four cisrbon-atoins. 

The term "alkoxy" is meant to encompass groups of 
the structure -OR where R is alkyl as previously 
25 defined. 

"The term "alkenyl" is meant to encompass groups 
derived by removal of one hydrogen atom from br^anc^hed 
or unbranched hydrocarbons of one to four carbon atoms 
containing at least one carbon-carbon double bond. 

30 The compounds of the present invention are capable 

of existing both in solvated and unsolvated forins 
including hydrates. In general, the forms solvated 
with such pharmaceutically acceptable solvents as 
water, ethanol, and the like are equivalent to the 

35 unsolvated forms, for the purposes of the present 
invention. 
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^^^'^ of the present invention 

Further, the compounds J ^ isomeric 

3.e capable of "^--^^^nvUr-Z-side in either 
,orms. The ^^^^--f ^tU:; invention contemplates 
or both isomers. Tn« v 
5 both isomeric forms. .-ning within the scope of 

Examples of --P-f/^^^f; J are not necessarily 
the present invention include, 

limited to the following: ^ ^.^^^^.3,5l2H.6Hl-dione. 
Dihydro-lH-pyrrololl,2 i ^^^^^^.^^^^^^^ 

Xetr ah.dro 3 -;;-;;t:-;,..,.3lly acceptable 

2 (3H)- acetic acid ana to k 

thereof. ^^,„,„.i„.p,„oloU.2-clio.ia.xole- 

Tetrahydro-3, 3 — 

2f3H^-acetic acid methyl ester. 2-cl imidazole- 

,3 - Tetrahydro-3.5-dioxo-lH-pyrrololl,2 . _ _ 

^^^^;::::i:d::-3,nioxo!iH^ 

- -C3HVacetic acid Ph^^^^^^^^^^ 

30 2C3H) ;:;:Xatt:E--th,l-3 . 5-dlo.o-lH-p,rrolol 1 . 2-cl- 

'""Ter;.i^^'o:r.^riit:Mx-3.-i^^^^ 

25 TetrahydTO-M-(.z.o -cetamide, 

„„oioti.a-cli~ia3-ie;a^^^^^^ 

2-cll»id.zol.-2C3HVacetamide «.d 
dtoxo-lH-pyttololl,2 c>>^ rtieieoi- 

----rr2nn-irc:rx 
'° „„.:;:;V-'3!.-dto-xH-p,..oxoix.2-ci-i--"x.- 

2C3H>-acetamide. j^.4.pyxidinyl-lH- 
Tetrahydro-3.5-dxoxo I Py 
■i«fl 2.cUmidazole-2C3H>acci.«u 
pyrrololl.2 clx ^^^^^ salts thereof. 

35 pharmaceutically accep 
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Compounds of the present invention are prepared in 
accordance with the general reaction scheme illustrated 
below. 



I? 

(00)^3 



H 



II 



III 

(Not isolated) 



1) NaK 




o o 

IV 



or idisiylmetl^l 



1) NaH 

2) XCH^OORj^ 
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-1 TT is reacted with 
^. Xn«n .r.rtln9 ».ter«l, „ch « 

S '%^::tra farther without parUlcatlon. 

The crude d^^-* j n„^«v such as toluene, 

.„d the fixture is heatea unaer reflux 

,0 cycllzatlon of ^^Vf^^^^^^^J'/^.ra.sUB.eHl-alone, IV. 
dihydro-lB-pyrroloU,2 c) imia. ,-terwedlate tor th. 

compound XV 13 e»^a ^^."-;^_ — - 

p„p.rat.on of -he^ ctTentlonal ch.»i=.X For 

current invention y ^^^^ ^^^^ 

XS example. ""'""^^tLL by treat.,nt with an al.yl, 

:rrjri"ri;a:: -ert^^ - th, s-ai.,!. or 
-^raUr:rt::4:n:- ^ rnir^t" 

20 «x>lo» Warlde. followed "^^^ p.enyl..thyl 

eater produces esters of ^„,„t.d to 

ester, VII (Rl 2P eonventional hydro- 

the free acxd, VI (Ri ' J^ compounds, VII, with 

genolysis. "t^/i' a^onventional 

25 ammonia or the -PP^^^'^^"^"^^^''^- corresponding 
amonolysis reaction converts Vll 

acetamides, VIII. is readily 

^ternatlvely. "^J"^' .^^^^ the ..et«.ia. 

ioiplei With the ^--;t.::r.ctivati«, .9.nt. such a. 
30 in the presence °' „rhonyiaii-iaa«.l. 
dicyclohexyloarbodiiiaiae (DOC), c 

(CDI). or chlorofornates. 
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The compounds of the present invention in which 
the R group contains a basic nitrogen atom, such as 
when R is N- l2-bis(l-methyl€thyl)aniinoletbyll- 
acet amido- , c is-N- [ 2 - (2 , 6-d imethyl- 1 -piper id inyl) - 
5 ethyllacetamido-, or N-A-pyridinyl-acetamido- are 
capable of forming acid addition salts with pharma- 
ceutically acceptable organic or inorganic acids. 
Suitable acids include hydrochloric, sulfuric, phos« 
phoric, acetic, citric, oxalic, malonlc, salicylic, 

10 malic, fumaric, succinic, ascorbic, maleic, 
mathanesulfonic, and the like. 

The salts are prepared by contacting the free base 
form of compounds of the present invention with a 
sufficient amount of the desired acid in the conven- 

15 tional manner. The salt is isolated by filtration, 
evaporation, or other conventional means. The free 
base may be regenerated,; iif deaired, by contacting the 
salt with an aqueous solution of a base such as dilute 
sodium hydroxide, potassium carbonate;. .ammonia sod ium- 

20 bicarbonate, and the like. 

Likewise, the compound dihydro-lH-pyrrolo[l,2-c]- 
imidazole-2(3H)-acetic acid, by virtue of its carboxylic 
acid functionality, is capable of forming salts with 
pharmaceutically acceptable metal, ammonium, or organic 

25 amine cations. Examples of pharmaceutically acceptable 
metal and amine cations for purposes of forming salts 
include positively charged metal ions such as those 
derlvedrfr-om sodiuDy ipocasslum, calcium, magnesium, 
aluminum, iron, zinc, ^and the positively-charged ions 

30 derived from ammonia and organic nitrogenous bases 
strong enough to form such cations. Bases useful fox 
the formation of pharmaceutically acceptable nontoxic 
acid addition salts of compounds containing a carboxyl 
acid fjjnction form a class whose limits are readily 

35 understood by those skilled in the art. 
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Merely for illustration, this class of amines can 
be said to comprise, in cat ionic form, those of the 
formula: 



5 wherein Rg, Rbf and Rc independently are hydrogen, 
alkyl of from one to six carbon atoms, cycloalkyl of 
from about three to six carbon atoms, aryl, aralkyl of 
from about seven to about ten carbon atoms, hydroxyalkyl 
of from two to four carbon atoms, or monoarylhydroxy- 

10 alkyl of from about eight to about fifteen carbon atoms. 
Further, when taken together with the nitrogen atom to 
which they are attached, any two of Rat Rb» and R^ 
may form part of a five- or six-membered nitrogen- 
containing heterocyclic aromatic or nonaromatic ring 

15 containing carbon or oxygen, said nitrogen-containing 

heterocyclic rings being unsubst ituted, monosubstituted, 
or disubstituted with alkyl groups or from one to six 
carbon atoms. 

Specific examples of organic amine cations contem* 

20 plated as falling within the scope of the present 
invention include mono-, di-, and trimethyl ammonium, 
mono-, di-, and tr iethylammonium, mono-, di-, and 
tr iprbpyl ammonium (ti- propyl and isopr opyi) , ethyl idi- 
methylaxmnonium, benzyl ammonium^, dibenzylammonium, 

25 benzyldimethylammonium, cyclohexylammonium, piperi- 

diniim, mor pholinium, pyrrol id in ium, 4-ethylmorpbolinium, 
1-n-butylplperidinium, 2-methylpiper idinium, l-ethyl-2- 
methylpiper idinium, mono-, di-, and tr iethanolammonium, 
ethyld iethanolammonium, n-butylmonoethanolanmonium, 

30 tr is(hydroxymethyl)methylammonium, pbenylmonoethanol* 
ammonium, and the like* 
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The amzDoniuiDy amine, or netal salts are prepared 
by reaction of the appropriate acetic or propanoic acid 
compound of this invention with an equivalent amount of 
an organic amine base or an inorganic base such as 
5 ammonium hydroxide, sodium hydroxide, potassium 

hydroxide, sodium carbonate, calcium carbonate, sodium 
bicarbonate, and the like in an appropriate solvent 
such as water or an aqueous alcohol, followed by 
removal of the solvent under reduced pressure, 

10 The free acid form of the compound may be 

regenerated from the salts, if desired, by contacting 
the salt with a dilute aqueous solution of an acid 
such as hydrochloric. 

The compounds of the present invention may differ 

15 somewhat from the salt forms in such physical proper- 
ties as melting point and solubility in polar solvents 
such as water, but the salts are otiierwise. equivalent, 
to the free base forms for the purposes of this 
invention. . . 

20 For preparing pharmaceutical compositions from the 

compounds described by this invention, inert, pharma- 
ceutically acceptable carriers can be either solid or 
liquid. Solid form preparations include powders, 
tablets, disper sable granules, capsules, cachets, and 

25 suppositories. A solid carrier can be one or more 
substances wnich may also act as diluents, flavoring 
agents, solubilizers, lubricants, suspending agents, 
binders, or tablet disintegrating agents; it can also 
be encapsulating material. In powders,' the carrier is 

30 a finely-divided solid which is in admrixture with' the - 
finely divided active compound. In the tablet, the 
active compound is mixed with a carrier having the 
necessary binding properties in suitable proportions 
and compacted in the shape and size desired. The 
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A ,,blet* pref.r.bX. cort.lo from five to «n 
powders and tablets pr i„grediei.t. Suitable 

.o about 70 P'«";;';;,U";.,bonate. magnesiun, 

3oitd cart er. «« » Oextrin. starch. 

sce.r.te. talc, sug ; sodium carboxy- 

5 gelatin, tragacanth meth, 

„.tbylcellulose. a .. intended to 

the like. The tern ^"''""'''^^i,. compound with 

i„ciud. the ^"-^".^t" °',:;:,:r;rovidi«g » capsuie 

encapsulating mater..! ^^^^^^^ 
10 in which the active co p ^, thus In 

carriers) is """^""'"^^ , cLchets are included, 
association with xt . //r'"^;'/;^^,^!., can be used as 
tablets, powders. V/"^/:^,! administration, 

aolld dosage form. % .eltlng wax 

,y For preparing -/f/^^^^rid' glycerldes or cocoa 

.„ch as a °""/:/,:,*:"end%h. active ingredient Is 
butter is first melted. ' stirring. The 

.iapersed then ^ured int6 

""^ntirt^trer-"" atxo-ed to cool. «.d thereby 
20 convenient 

to solid-i-fy. include solutions, 

"l^s Cl's nr%s"an example. . It may b. 

::ri:r:;t:ror w.ter -^^;ird%fe;rt«ir r 

„ ,or parenteral i-i-^-- ^^l^ it T^uLu. polyethylene 
also be *°,^°',"„i„tlons sultsble for oral 

,,,col ""r^„.rr:i.'.lving the active component 

suitable colorants, flavor., 
in water and "^^"S ".^^ .g.„ts as desired. 
JO st.blltxing. and „,e can be mad. 

*,u.ou. •">'"":"„::ryTvid.d .ctlve component In 
by dlipersmg the ^"'^^ natural or 

„ter With ''"-^ -:'.^::'t;ylc.Uulo.e. sodi-a 

synthetic 8-°^ • „d otber -.U-known 

35 carboxymethylcellulose. «• 

suspending agents. 
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Also included are solid form preparations vhich 
are intended to be converted shortly before use, to 
liquid form preparations for either oral or parenteral 
administration. Such liquid forms include solutions, 
5 suspensions, and emulsions. These particular solid 
form preparations are most conveniently provided in 
unit dose form and as such are used to provide a single 
liquid dosage unit. Alternately, sufficient solid may 
be provided so that after conversion to liquid form, 

10 multiple individual liquid doses may be obtained by 
measuring predetermined volumes of the liquid from 
preparation as with a syringe, teaspoon, or other 
volumetric container. When multiple liquid doses are 
so prepared, it is preferred to maintain the unused 

15 portion of said liquid doses at low temperature 

(i.e., under refrigeration) in order to retard possible 
decomposition. The solid form preparations intended to 
be converted to liquid form may contain in addition to 
the active material, flavor ants, colorants, stabilizers, 

20 buffers, artificial and natural sweeteners, dispersants, 
thickeners, solubilizing agents, and the like. The 
liquid utilized for preparing the liquid from 
preparation may be water, isotonic water, ethanol, 
glycerine, propylene glycol, and the like as well as 

25 mixtures thereof. Naturally, the liquid utilized will 
be chosen with regard to the route of administration, 
for example^ liquid preparations containing large 
amounts of ethanol are not suitable for parenteral qse.. 
Preferably, the pharmaceutical preparation is. in 

30 unit dosage form. In such form, the preparation is 
subdivided into unit doses containing appropriate 
quantities of the active component. The unit dosage 
form can be a packaged preparation, the package 
containing discrete quantities of preparation, for 

35 example, packeted tablets, capsules, and powders in 
vials or ampoules. The unit dosage form can also be 
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or tablet Itself, ot It cat. be the 
a capaule. cachet, or t ^^^^^ ^^^^ 

appropriate o^ber of .»y ^ ^^^^ ,j 

The l'"'""^"^^^^, „ aajusted from 1 »g to 
preparation -ay be v.r..d 3 3„„aing to the 

500 mg, preferably to 5 to iu« e active 
sou mg, P , and the potency of the activ 

particular appllcatio desired, also 

ingredient. The such as 

contain "7",!^ !tri:(l-«thyl.th,l)«.inol- 

0 rtrir/ro"-;;;r!lidiLac.t.-iae or dihydm-lH. 

p,rroXi.ine-3.3C2a.6£-dlon*- the 

in therapeutic us. as c g 
„a»maliah dosage range ' J" J^^ preferably 

I to 1500 mg/kg of bod, -eight per day P 

- » to „0 - /.g - "or-^^^^^^^^^^^ re,uir»«.t. 

hew,ve^ j>« „j rte conditio being 

„j the P^''^"-^- '''^ "^;' 'gi"^amployed. Deter- 
treated. and the ""^""^t.^^^*,,^. piiiicular 
„inat.on of ''•^ '"/'/J'/.tf, of the att. Generally. 

20 situation iS "'^ » ,„,i,ar dosages «hich are 
treatment « " ^ compound. There- 

X.,. than the opt»umJose of the p ^^^^^^^ 

after the dosage « increase J 1. reached. 

- - %".r.irt.n: ::::rre'rrsirpro:-c:rb, ^ 

compound s . the test is fully described 

30 •l"""""'-'^'"' fr^^.r^T. issued Kerch 20. 1979. 
in US patent „ference. The test 

.„d i. •-•"'"^;;nrrsen"'nBtance were adminlatered 
a^a Ve -gth of el.ctroconvul.iv. shocW 



35 1.0 second. ^^s^^^^^ are used in interpreting 

The following criteria percent or 

the percent of amnesia reversal scores. P 
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wore (active - A), 25 to 39 percent (borderline - C) , 
and 0 to 24 percent (inactive « N) . 

The table below indicates the percent affinesia 
reversal determined for representative examples of 
5 compounds in accordance with the present invention when 
administered orally to standard laboratory animals in 
the test referenced above. 



TABLE 

10 



1 - 

!' II ^ 
O 0 



15 



Compound 


R 


Dose (mg/kg) of Body Weight 
100 10 1 


1 
2 


-CH2COOC2H5 - 


26 (C) 40 (A) 56 (A) 
36 (C) 27 (C) 60 (A) 



The following preparative examples are provided to 
enable one skilled in the art to practice the present 
invention. The examples are merely Illustrative of the 
present invention and should not be viewed as limiting 
its scope as defined by the appended claims. 
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EXAMPLE 1 



10 



Wl : y-^- ^.5t2H.6HL:dxon£ 

j^^^.^.»-iH-nvrrolgll^ ^ acxd. 

A solution of . chloride. 250 ml. is 

,3.3 0.09 «ol> ^«^j:,7,rdlphenylpbosphoryl azid. 
stirred and i^^"*'"^^^^ tr iethylamine Cl.l g. 
(33 B, 0.12 «ol) followe J ^^^^ and as 

0.11 mol). The solution as -^^^^^^^^ (5- 
concentrated in vacuo ^^^^ dissolved in 

oxo-pyrrolidine-2-.et.yl-^o^^^^^^^^^^ ^^^^^^ 3,., 

toluene. 100 ' ::;,:^or.s as a white 

for six hours. The pr fUtration. After 

sublimatioft at 170 C an 6H)-dione has a mp of 

i«ri 2-cliinidazo-3,5Q/Hton-' 

13 223-225'C. 

EXAMPLE 2 

7nm — III ' 11,11 - -i—^-i^o-a-s- 

rslurr, of f-^-'-^^SJ^/i^ „„ah,<lx<.fur«.. 

[2H,6Bl-dioo. Ca.3 8. °- hydride m »ln«al 

250 »1. t. 0.036 »ol). A£t.r H2 •"l- 

oil .usp.».ion (1.73 8. 16.0 S, 0.036 mol) 

tion 1= complete, for on. bour. Tb. 

t. added and ch. „„.t.d in vacuo. The 

.ixrure is fiicered «d ^-^^^ «wer «>d 

„.idu. I. "'i,™i'„; using flash chro-aro- 

flltered. Af«r ^''"'"•f^^j^^ 101 methanol. 

,.aph, over alUca "f^^ttr^ro-S.S-dloxo- 
mathjlen. cnloride, ;.j(3„)..„tic acid ethyl 

lH.pytroloUl.2-cUml'i"»°l^* 
IVer ha. a -P of 99-101-C. 



20 



25 



30 
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EXAMPLE 3 

T€trahydro-3,5-dioxo-lH"pyrrolo[1^2-cl imidazole- 
2 (3H) -acetic acid methyl ester 

A slurry of dihydro-lH-pyrrolol 1 , 2-c J Imidazo- 
5 3,5I2H,6H]-dione (4.4 g, 0.03 mol) in tetrahydrof uran, 
250 ml, is treated with a 501 sodium hydride in mineral 
oil suspension {1.73 g, 0.036 mol) • After H2 evolu- 
tion is complete, methyl bromoacetate (5.5 g, 0.036 
mol) is added and the mixture is refluxed for one hour. 

10 The mixture is filtered, concentrated in vacuo. The 
residue is treated with anhydrous diethyl ether and 
filtered. Purification using flash chromatography over 
silica gel, elution with 101 methanol '.methylene 
chloride yields tetrahydro-3,5-dioxo-lH-pyrroloIl,2-cl- 

15 lmldazole-2(3H) -acetic acid methyl ester. 

EXAMPLE 4 ^--^oLw^-: 

Tetrahydr6-3, 5^dioxo-lH-pyrrolo[ 1,2-c] imidazole- ' 
2 (3H)- acetic acid benzyl ester 

A slurry of dihydro-lH-pyrrolo[ 1 ,2-cl imidazo- 
20 3,5[2H,6H]-dione (4.4 g, 0.03 mol) in tetrahydrofuran, 
250 ml, is treated with a 501 sodiim hydride in mineral 
oil suspension (1.73 g, 0.036 mol). After H2 evolu* 
tion is complete, benzyl bromoacetate (8.3 0.036 
mol) is added and the mixture is refluxed for erne Itour. 
25 The mixture is filtered , concentrated in vacuo. The 
residue is treatied with anhydrbiis di6£hyt'^eth6r^^« 
f iltered. Purification using flash chromatograpliy -over 
silica gel, elution with 101 methanol :methylene 
chloride yields tetrahydro-3,5-dioxo-lH-pyrroloI lp2-cl- 
30 imidazole-2(3H)-acetic acid benzyl ester. 
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EXAMPLE 5 

Tenah^droO^l^dlo ^ cL , 

acetic acid ^etrahydro-S. S-dioxo-lH-pyrrolo- 

A solution of tetrahyo » ^ ^g^er 

seated wit. H2 Sas in ^^^^^^^^^ 

catalyst. After P concentrated xn 

is filtered tnrougb fxlter y„ololl.2-cl- 
10 vacuo to yield cetrahydro 3,5 
iinidazole-2C3H)-acetic acid. 

- EXAMPLE 6 

iSi^^^^ f dthvdro-lH-pyrrololl.2-c]ii»idazo. 

13 A slurry of dxhydro ^JJ ^^^^ .etrabydrof uran.- 

3,5(2H.6Hy-Jxone ^8.8 g. ^^^^ ^^^^^^^ „i„eral 

250 .1, is «--%*';^%!o72 mol). After evolution 
oil suspension C3.5 g, mol) is added 

is complete. ^<^'^<!7^^7,^,:,1';;L o- "^''"'^ 
20 and the mixture is reflux residue is 

is filtered, •"f.ethvr ether and filtered. 

„eated..it. ^^Xj^Zl :^^^^^^^ over siliC . 

gel. elution with ^P^J^^^^^ a.s-dibkoi^lH. 
25 yields 2 (3H) -methyl- tetratiya 

pyrrolol 1 .2-cl imidazole. 
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EXAMPLE 7 

2(3H)-ethyl-tetrahydrO'3,5-dioxo-lH-pyrrolo[l,2-c1- 
imidazole 

A slurry of dihydro-lH-pyrrolo[ 1,2-c] imidazo- 
5 3,5(2H,6H)-dione (8.8 g, 0.06 mol) in tetrahydrof uran, 
250 ml, is treated with a 50% sodium hydride in mineral 
oil suspension (35 g, 0.072 mol). After H2 evolution 
is complete, iodoethane (11.3 g, 0.072 mol) is added 
and the mixture is refluxed for one hour. The mixture 
10 is filtered, concentrated in vacuo. The residue is 
treated with anhydrous diethyl ether and filtered. 
Purification using flash chromatography over silica 
gel, elution 10% methanol: methylene chloride yields 

2(3H)-ethyl-tetrahydro-3,5-dioxo-lH-pyrroloIl,2-cl- 
15 imidazole. 

EXAMPLE 8 

2 (3H) -allyl^icetr ahydro-3, 5-dioxo-lg-t)yTTol^ 
imidazole 

A slurry of dihydro-lH-pyrrolo[l ,2-c] imidazo- 
20 3,5(2H:,6R)-dione (13.2 g, 0.09 mol) in tetrahydrof uran, 
250 ml, is treated with a 50% sodi um hydride in mineral 
oil suspension (5.2 g, 0.09 mol). After H2 evolution 
is complete, allylchlor ide (6.9 g, 0.09 mol) is added 
and the mixture is refluxed for one hour. The mixture 
25 is filtered, concentrated in vacuo. The residue is 
treated with anhydrous diethyl ether and filtered. 
Purification using flash chromatography over silica 
gel, elution with 101 methanol methylene chloride 
yields 2(3H)-allyl-tetrahydro^3,5-dioxo- 
30 IH-pyr r olol 1 , 2-cl - imidazole . 
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EXAMPLE 9 



10 



15 



A slurry of dxbydro -^P^^^^^ ^etxabydrofuran. 
3,5l2H.6Hl-dione ^.^^^ hydride in mineral 

2.0 »1. is ^/o36 -ol). After evolu- 

oil suspension (1.73 ^\ ^^^^^^^ (4.6 g. 0.036 

.ion is complete. P^^^^'^^^^^'f.'re.xu.ed for one hour, 
.ol) is -t,re:e: crcer.ra.ed in vacuo. The 

The mixture is * ^^^^ .,ous diethyl ether and 

-r"%" a: :X .-sh chro.ato.raphy over 

filtered. Puritic _ methanol -.methylene 

silica gel. elution yith , ^etrabydro-3,5- 

cbloride yields 2(3H).phenylmethyl 
dioxolH-pyrrololl.2.climidazole. 

EXAMPLE 10 

^rir acid amide .3, s.dioxo-lH-pyrrolo- 

, solution of ester Cl.O g. 

ll.2.climidazole-2C3^) ace ,3^«,ated with 

0.004 mol) in -^hanol 1^5^^^^^ ^^^^^^^ ^^^^^ 

anhydrous ammonia. m solution is concen- 
24 hours at room temperature. ,,„3hydro.3. 5- , 

„3ted at "--^.-nrilt-U^^ 
dioxo-lH-pyrrololl,Z <il^™ 

amide. 



20 



25 
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EXAMPLE 11 

Tetrahydro>3, 5-dioxo- lH-pyrrolo[l ,2>c] imida2ole-2(3H)- 
acetic acid amide N- (N,N-diisopropylaininoethyl) 

Tetrahydro-3, 5-dloxo-l^-pyrroIo[ 1 ,2-c] imidazole- 
5 2(3H)-acetic acid ethyl ester (1.0 g, 0.004 mol) in 
methanoli ISO ml, is treated with N-(N,N-dii80propyl- 
aminoethylamine (0.55 g, 0.004 mol) and the mixture 
is stirred at room temperature for 48 hours. The 
mixture is concentrated in vacuo to yield tetrahydro- 
10 3,5-dioxo-lH-pyrrololl,2-c]imida2ole-2(3H)-acetic 
acid amide N-(N,N-diisopropylaminoethyl) • 

EXAMPLE 12 

Tetrahydro-3y 5-dioxo-lH-pyrrolo[l ,2-cl imidazole-2(3H) - 
acetic acid amide N-(cis-2,6-dimethylpiperidinoethyl) 
15 A mixture of tetrahydro-3, 5-d ioxo-lH-pyrrolo 

[ l,2-c]-imida2ole-2(3H)-acetic acid ethyl ester (1.0 g, 
0.004 mol) and cis-2»6-dimetbylpiper idinoethylamine 
(0.63 g, 0.004 mol) in methanol, 150 ml, is stirred at 
room temperature for 72 hours. The mixture is con- 
centrated in vacuo to yield after purification by 
chromatography on Si02 (elution with 10% methanol 
saturated with gaseous ammonia in methylene chloride) 
tetrahydro-3,5-dioxo-lH-pyrroloI 1 ,2-c] imidazole-2(3H)- 
acetic acid amide N-(cis-2,6-dimethylpiper idinoethyl) . 
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EXAMPLE 13 

Tetrahydro-S, 5-dioxo-lH"pyrrolo[ 1 , 2-cl imidazole- 
2(3H)-acetic acid amide N- (4>pyrid inyl) 

A solution of tetrahydro-3, 5-dioxo-lH-pyrrolo 
5 Il,2-c] iiDidarole-2(3H)-acetic acid (1.0 g, 0.005 mol) 
and tr iethylamine (0.505 g, 0.005 mol) in methylene 
chloride, 150 ml, is treated with isobutyl chloro- 
formate (0.683 g, 0.005 mol) with stirring at O'C until 
the free acid is converted into the activated mixed 

10 anhydride. The solution is filtered to remove the 

tr iethylamine hydrochloride and the filtrate is treated 
with 4-aminopyr idine (0.47 g, 0.005 mol). The mixture 
is stirred at 24 hours at room temperature and 
concentrated in vacuo to yield after purification by 

15 chromatography over silica gel (elution with 10% 

methanol saturated with anhydrous gaseous ammonia in 
methylene chloride) tetTahydro-3, 5-dioxo-lH-pyrrolo 
[l,2-climida20le-2(3H)-acetic acid amide N-(4- 
pyr idinyl) . 

20 * EXAMPLE 14 

Tetrahydro-3, 5-d ioxo-lH*pyrrolo[ 1 ,2-c] imidazole-2(3H) - 

acetic acid amide H-(2 t6-dimethylpbenyl) 

A solution of tetrahydro-3, 5-dioxo-lH-pyrroIoIl,2-c]- 

2(3H)-acetic acid (1.0 g, O.OOSrmol) and dicyclobexyl 
25 carbodimide (1.04 g, 0.005 mol) in methylene chloride, 

150 ml, is stirred and treated with 2,6-dimethylaniline 

(0.6 g, 0.005 mol) at 0*C. The mixture is allowed to 

warm to 25*C and filtered to remove dicyclohexylurea. 

The filtrate is concentrated in vacuo to yield after 
30 purification by chromatography over silica gel (elution 

with 101 methane in methylene chloride) tetrahydro-3, 5- 

dioxo-lH-pyrrolo[ 1, 2-climidazole-2(3H)-acetic acid 

amide N-(2,6-dimethylphenyll . 
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OjAIMS: (for BE,CH,DE,FR,GB,IT,LI,LU,NL,SE): 
1 . A compound having the formula 



10 wherein R is selected from hydrogen; alkyl of from one 
to four carbon atoms; alkenyl of from one to four 
carbon atoms; phenylmethyl; and -CH2COR1 where Ri is 
selected from OH, alkoxy of from one to four carbon 
atoms, phenylmethoxy. 




25 



and NR2R3 where Rj and R3 are independently hydrogen, 
or alkyl of from one to four carbon atoms ; or, when 
30 basic, a pharmaceutically acceptable acid additon salt 
thereof. 

2. A compound in accordance with Claim 1 , 
wherein R is hydrogen or alkyl of from one to four 
carbon atpms, alkenyl of from one to four carbon atoms, 

35 or phenylmethyl. 

3. A compound in accordance with Claim 1, 
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i> 4« alkoxy of from one to 
„h.r.in B is -CH2COK, "^^^J^'. J, „ . phar^c 
toar carbon atoms! phenyl»ettoxy, or 

eutically accepta.1. .aXt^t^areo^^^^ ^^^^ ^ ^ 

4. A compound In acco ^^^^^ 

wherein R is -<:H2«»'1 "^"^ ' J alKyl of trcm On. ^ 
B3 are independently hydrogen or allcyl 

"cTp'onn^ in accordance with Claim , . 
^Keret; K is -W, «.ere is selected from 



10 




IS "3^ B 



20 



25 



30 



35 



6. A 



. compound in accordance witn claim 
selected from dihydro-ll- ,_jio„e, 

:r3;:rc:ri:'rir':r^^ p.ar.aceut*..«,- 

2(3B)-aceta«i*e» 
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t •trahydro-K-ne thy 1- 3, S-d ioxo-lR-pyrrolo 1 1 , 
iBidasole-2( 3H)>acetainide| 

t e t rahydro-N , N-d ime t hyl- 3, 5-d ioxo- iH-pyrrolo- 
( If 2-c) iaidazole-2( 3B)-acetaiBide; 
K-2 (bi 6( l-net byj ethyl ) amino) t etrahydro- 3 , 5-d ioxo- 
3H-pyrroloIlr2-c]inldBzole-2(3B)-acetamide; 
tetrahydro-N- ( 2, 6-d imethylpbenyl )-3,5-dioxc>-lB« 
pyrrol© 1 1,2-£) iinidazole-2(3H)>acetainide; 
c i s>N- ( 2- ( 2 , 6-d ime t hyl-l-piper i d iny 1 ) e t hyl ] t e t ra- 
bydro-3, 5-dloxo-3B-pyrroloI i,2-£} iinidazole-2( 3H)- 
acetanide; and 

t et rahydro- 3 , 5-d i oxo-^-4-pyrid inyl- IB-pyrrol o- 
1 1 , 2-£) inidazole-2( 3B} -acetamide. 

15 7. A method of preparing a compound having the 
structural formula 



wherein R is selected from hydrogen; elkyl of from 
one to four carbon atoms; alkenyl of from one to 
four carbon atoms; phenylmethyl; or -CH2c6r2~ 
where-Ri~fs-selected fi^om OB, alkoxy of from one 
to four carbon atoms, or phenylmethoxy; comprising 
the steps of s " 

a) heating 5-lsocyanatoinethyl-2-pyrrolidione^to n: 
form dlhydro-lB-pyrrolofl,2-;c) imidazo-3f 5(2B,€B]- 
dionec and thereafter. If desired, . 



35 
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b) reacting said ^^^^^ " ^^^^1 hydride. 

3.5l2H,6Hl-dione wxt*. - ^^^^^^^ ^^^^^^ 

followed by — ^^°;^;\^,,,,„e. bromine, or 
£or».ula R'X J^ ^"^ ,,,, one to four carbon 

iodine and R» is aiicy carbon atoms, 

^rirlnrlo four «rbon «™s, or ph.n,l-.thoxy . 

from if desiredt . . 

and thereafter, wherein Ri is 

c. ~-er.in, -X«-3%-io«-H-«— 
structural formula 



30 



35 



1 1 



B C 

vherein Ri is ^^q^ ^ 



25 HjC^ H3C 




3' 2 



- H are independently 
or KK2^3 ,'om one to four carbon 

hydrogen, or alKyx pharmaceutically 
atoms, and. 3,,, thereof, comprising 

acceptable acxd addition 



the steps ofs 
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a) reacting tetrahydro-3,5-dioxo-lH-pyrrolo-^ 

I l,2-c)iinidazole-2-(3H) -acetic acid with an amine 

selected from the group consisting of 





H 

^C(CH ) 
^ ^ ^ C(CHJ^ 

and R2R3NH wherein R2 and R3 are independently 
hydrogen or alkyl of from one to four carbon atoms 
to form an acetamide; and thereafter, if desired, 
b) converting said acetamide product of step 
a), when basic., to a pharmaceutically acceptable 
acid addition salt. 

A pharmaceutical composition for treating senility 
or for reversing the effects of electroconvulsive 
shock-induced amnesia, comprising a pharmaceutically 
effective amount of a compound having the 
structural formula 



Is, 



wherein R is selected from hydrogen; alkyl of from 
one to four carbon atoms; alkenyl of from one to 
four carbon atoms; phenylmethyl; and -CB2C0Rj^ 
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^„ -ivoxv of from one 
« 4« selected from OH. alXoxy 
Where Ri is phenylmethoxyl . 

to for carbon atoms , pne»y 



-«9 




«3* 



10 



15 



H 

€(013)2 

« are independently 
Where «a -a -3^_^ ^ c.r^„ 

byarogM.. or »ixyi jjhirmaceotlcaliy 
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CLAIMS: (for AT): 

1. A process for preparing a compound 
having the structural formula 



wherein R is selected from hydrogen; alkyl of from 
one to four carbon atoms; alkenyl of from one to 
four carbon atoms; phenylmethyl; or -CH2CORX 
where Ri selected from OH, alkoxy of from one 
15 to four carbcn atcras, and phenylmethoxy : ccnnprising 
the steps oft ' 

a) heating S-isocyanatomethyl— 2->pyrrolidione to 
form d ihydro- iH-pyr rolo [ 1 , 2-£) imidazo- 3 , 5 [ 2H , 6B) - 
dionej and thereafter, i£ desired, 

b) reacting said dihydro-lH-pyrroloIl, 2-cJ imidazo- 
3,5l2H,6R]-dione with an alkali metal hydride, 
followed by reaction with a reagent having the 
formula R'x where X is chlorine, bromine, or 
iodine and R* is alkyl of from one to four carbon 
atoms, alkenyl of from one to four carbon atoms, 
phenylmethyl, or -CH2C0Ri where Rj is alkoxy of 
from one to four carbon atoms, or phenylmethoxy; 
and thereafter, if desired,- ., 

c) converting the product of step b wherein Ri is 
phenylmethoxy to tetrahydro-3, 5-dioxo-lH-pyrrolo- 
Il#2-cl imidazole-2(3H)-acetic acid by hydro- 
genolysis and converting, if desired, said acid to 
a pharma.ceutically acceptable salt. 
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2. A process in accordance with Claim 1, wherein 
R is hydrogen or alkyl of from one to four carbon 
atoms, alkenyl of from one to four carbon atoms, or 
phenylmethyl. 

5 3. A process in accordance with Claim 1, wherein 

R is -CH2COR-1 where R-i is selected from alkoxy of frcwn 
one to four carbon atoms; phenylmethoxy ; and -OH. 

4. A process in accordance with Claim 1, for 
producing dihydro-1H- 

" pyrroloIl#2-cJ iinida20-3, 5 I2H,6H1 -dione; 

tetrahydro-3,5-daoxo-12J-pyrrolo[l,2-£j imidazole- 
2(3H)-acetic acid, and the phanrraceutically 
acceptable salts thereof; 

t et rahydro- 3 , 5 -d i 0x0- IJB- pyrrol o 1 1 , 2-£l im idazole* 
15 2(3H)-acetic acid -methyl ester; 

t e t rahydro- 3 , S-d i 0x0- IJB-pyr rolo 1 1 , 2-c J im idazole- 
2(3H)-acetic acid ethyl ester; or 
t e t rahyd ro- 3 , 5-d i 0x0- IH-pyr rolo 1 1 , 2-;c ] imi dasole* 
2(3Jl)-acetlc acid phenylmethyl ester. 

5. A process for preparing a compound 
having the structural formula 
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or NR2R3 where R2 and R3 are independently 
hydrogen or alkyl of from one to four carbon 
atoms; or , when basic, a pharmaceutically 
acceptable acid addition salt thereof; comprising 
the steps of: 

a) reacting tetrahydro-3, 5-dioxo-lH-pyrrolo- 
[ l,2-c)imidazole-2>(3R)-acetic acid with an amine 
selected from 





H 



^C(CH3)2 



C(CHO^ 
H 

and R2R3NH wherein R2 and R3 are independently 
hydrogen or alkyl of from one to four carbon atoms 
to form an- acetamide; and thereafter, if desired, 
b) converting said acetamide product of step 
a), when basic, to a pharmaceutically acceptable 
acid addiction salt « 
25 6. A process in accordance with Claim 

5, wherei'n R is -CHjCOR^ where R^ is -NRjR^ where 
R2 and R2 axe independently hydrogen or alkyl 
of from one to four carbon atoms. 

7, A process in accordance with Claim 
^® 5, wherein R is -CH2CORJ where R^ is selected 
from 
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5 




H^C 



R 



and HWm^CM J?^ 
2 2 ^ 





10 



8. 



A process according to Claim 5, for 



producing 

t et rahydro- 3 , 5-d i oxa- IH-pyrrolo 1 1 r 2-c 1 imidazole- 
2 ( 3^) *acetaniide ; 
15 tetrahydro-N-niethyl--3r5-dloxo-lJH-pyrroloIl»2-cJ- , 
iniidazole-2(3H)-acetamide; 

t e t r a hy d r o- N , N-d iinethyl-*3,5--dioxo- 1 H- py r r ol o- 
[1,2-c] imidazole- 2(3jl}-acetainide; 

N-2(bis( l-^inethylethyl) amino] tetrahydro-SfS^-dioxo- 
20 lH-pyTrolo[lr2-£] iinidazole-2( 3jH)-acetamide; 

tetra:hydro-N-(2,6-diinethylphenyl)-3#5-dioxo-lH- 
pyrroloIl#2-c) iinidazole-2(3jl)-acetainide; 
cis-»*12-(2r6-dimethyl-l-piperidinyl)ethylj tetra- 
hy dr o*.3., 5-d i oxo-1 H-pyr rolo 1 1 r 2-£] imidazole- 2 ( 3H) - 
acetaroide; or 

t e trahydro- 3 , 5-d ioxo-N- 4-pyr id inyl-lH-pyrrolo* 
[ l,2-£j imidazole-2{ 323)-acetamide. 

9. A process for producing a pharmaceutxcai 
composition for treating senility or for reversing 
the effects of electroconvulsive shock-induced 
amnesia, which process comprises combining a 
pharmaceutical! y effective amount of a compound 
having the structural formula 
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wherein R is selected from hydrogen; alkyl of from 
one to four carbon atoms j alkenyl of from one to 
four carbon atoms; phe ny line thy 1 ; and -CB2COR1 
where is selected from OH, alkoxy of from one 
to for carbon atoms, phenylmethoxyl , 




»3 



«3' 





andNR2R3 where R2 and R3 are independently 
hydrogen or alkyl of from one to four carbon 
atoms? and, when basic, ' a pharmaceutically 
acceptable acid addition salt thereof; 
30 with a pharmaceutically acceptable carrier. 
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